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The hydrolysis of rice ﬂour produces a sweet-tasting product with an agreeable aroma, which could be
well accepted by infants. The objective of the present study was to determine the feasibility of devel-
oping an infant food in the form of a powdered pre-mix for making a cereal cream, based on sugar,
powdered milk and rice ﬂour modiﬁed by a-amylase and amyloglucosidase. The effect of the ingredients
on the properties of the dry mix and of the cereal cream after preparation, were evaluated using a
Simplex design. The formulation with 5 g 100 g1 reﬁned sugar (sucrose), 40 g 100 g1 milk powder and
55 g 100 g1 modiﬁed rice ﬂour was selected, considering the highest values for solubility in water
(49.8 g 100 g1) and in milk (46.4 g 100 g1), the luminosity (88.8) of the dry mix, and the ﬁrmness
(0.19 N) of the prepared formulation. The infant food obtained a mean score of 8.0 for sensory accep-
tance, and had characteristics similar to commercial products. We concluded that it was feasible to
produce an infant food with the enzymatically modiﬁed rice ﬂour. The dry mix had advantages when
compared with commercial products with respect to economic and ecological factors (rice ﬂour from
broken kernels).
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Among other functions, starch can serve to alter the texture, act
as a thickener, provide suspended solids or facilitate food pro-
cessing. Rice starch is used as an ingredient in various foods and
industrial products such as desserts, bakery products, breakfast
cereals, hypoallergenic products, infant formulas and fat sub-
stitutes (Zavareze et al., 2009).
Broken grains are produced during rice dehulling and polishing.
This by-product has been used in the production of modiﬁed
starches, with the advantages of low cost and great availability,
being feasible for industrial utilization (Limberger, Silva, Emanuelli,
Comarela,& Patias, 2008). The use of modiﬁed starches has been an
alternative to improve the characteristics of foods that the native
starches, due to the limitations of their pastes and gels, are unableerreira), macaliari@ig.com.br
nior), beleia@uel.br (A. Delto confer (Kaur, Ariﬂin, Bhat, & Karim, 2012). Modiﬁed rice ﬂour is
present in the products used to coat foods prepared for frying, to
decreasing fat absorption, and as a thickener in yogurts, soups,
infant foods and diet cereal shakes (Augusto-Ruiz, Bonato, Arrieche
& Alves, 2003).
Enzymatic hydrolysis stands out among the industrial tech-
niques used to produce modiﬁed starches. The rate of hydrolysis of
starch depends on the botanical origin, the size of the granules and
on the enzyme system used, among other factors. The a-amylases
are endoenzymes that catalyze the hydrolysis of the a-1,4glycosidic
bonds in the starch polymers in a random manner, liberating
products of medium molecular weight. Amyloglucosidase is a hy-
drolytic enzyme that acts on the a-1,4glycosidic bonds from the
non-reducing end of the amylose or amylopectin, and at a reduced
rate hydrolyzes a-1,6 bonds liberating b-D-glucose (Damodaran,
Parkin, & Fenemma, 2010).
Starch gives a typical ﬂavor upon cooking, a bland taste, but
some of its hydrolysis products, such as maltose and glucose, have a
sweetish taste. After hydrolysis, during drying of the hydrolyzed
solution, the Maillard reaction can occur between the sugars and
amino acids if high temperatures are used. At the end of drying,
Table 1
Experimental design for powdered pre-mixes of the infant food product (repre-
sented by real and pseudo-component concentrations).
Experimentb Sugar (c1) Milk
powder
(c2)
Modiﬁed
rice ﬂour
(c3)
X1
a X2 X3
1 0.05 0.20 0.75 0 0 1
2 0.15 0.35 0.50 0.4 0.6 0
3 0.15 0.20 0.65 0.4 0 0.6
4 0.05 0.40 0.55 0 0.8 0.2
5 0.10 0.40 0.50 0.2 0.8 0
6 0.10 0.31 0.59 0.2 0.44 0.36
7 0.10 0.31 0.59 0.2 0.44 0.36
a X1 þ X2 þ X3 ¼ 1 or 100%.
b Source: STATSOFT (2007).
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Both these reactions can produce different aromas, according to the
combination of free amino acids and sugars present in each food in
particular, and the temperature used (Fellows, 2008; Purlis, 2012).
The production of glucose from rice ﬂour starch could produce
new ingredients for incorporation into various types of product
such as bakery products, ice-creams, sweets and other confections
(Severo, Moraes,& Ruiz, 2010). However, to date, broken kernel rice
ﬂour modiﬁed by the enzymes a-amylase and amyloglucosidase
has not been used in dry mixtures for the preparation of cereal
creams that normally use malted wheat ﬂours. This technology is
not feasible to be applied to broken rice grain (by-product), once
broken rice grains do not germinate, and therefore cannot be
malted.
In various countries wheat ﬂour is the main ingredient of bakery
products, other confections and some fried foods, causing problems
to those suffering from celiac disease (Castillo, Lescano, & Armada,
2009). Enzymatically modiﬁed broken rice ﬂour dried at high
temperatures could originate a product with a sweet taste and
agreeable aroma, which could be used to formulate products
destined for the infant population, and which could also be used for
individuals allergic to gluten.
Celiac disease is characterized by intolerance to the gliadin
fraction present in wheat and to the prolamins present in rye,
triticale and oats, and has been recognized as one of the chronic
diseases in infancy throughout the world, with an estimated 1% of
children suffering from it in the west of the United States (Kurppa
et al., 2010). The objective of the present study was to determine
the feasibility of developing an infant food in the form of a
powdered mix to make a gluten-free cereal cream based on enzy-
matically modiﬁed broken rice ﬂour, milk powder and sugar. The
selected formula was evaluated by sensory analysis and compared
to three similar wheat-based products available on the market.
2. Material & methods
2.1. Material
Mixed broken grains from the cultivars Puita and Irga 417,
produced in Rio Grande do Sul, Brazil in 2011, were donated by
Cristal Alimentos S/A (Aparecida de Goia^nia, Goias, Brazil) and used
to produce the modiﬁed rice ﬂour. The enzymes were amyloglu-
cosidase (EC 3.2.1.3.) from Aspergillus niger (Spring Ag) and a-
amylase (EC 3.2.1.1.) from Aspergillus oryzae (Spring Alfa 125000),
both freeze dried and donated by Granotec do Brazil S/A,
Curitiba, Parana, Brazil. The ingredients used and the commercial
cerealemilk mixes were acquired from supermarkets Londrina,
Parana, Brazil in the period between September and November,
2011. The following ingredients were included in the formulation of
the dry gluten-free cereal cream: modiﬁed rice ﬂour, whole instant
milk powder (Nestle, Brazil) and reﬁned sugar (Uni~ao, Brazil). For
the sensory evaluationwhole UHT milk (Tyrol) and artiﬁcial vanilla
aroma (Fleischman) were used to prepare the cereal creams.
Commercial cerealemilkmixes (Nutrimental, Nestle and Carrefour)
were used for comparison to the selected formulation.
2.2. Production of modiﬁed rice ﬂour
The broken rice grains were ground in a hammer mill (Marconi,
MA-090/CF, Piracicaba, Brazil), passed through the sieve with
0.250 mm and retained on the 0.150 mm sieve. For the enzymatic
hydrolysis, the rice ﬂour was used in a proportion of 20 g
100 mL1(Beninca, 2008). Two EU of a-amylase per gram of ﬂour
was used in sodium acetate buffer, pH 5.0 and at 40 C. The sus-
pensionwas maintained in high density polyethylene containers ina Dubnoff-typewater bath with agitation (Tecnal TE-053, Ourinhos,
Brazil) for 2 h. Subsequently, amyloglucosidase 3.5 EU per gram of
ﬂour, diluted in the same solution, was added to the partially hy-
drolyzed material, reducing the concentration of the material to
16 g mL1 (Silva, Asquieri, & Fernandes, 2005), and returned to the
water bath for a further 3 h. The enzymatic hydrolysis was carried
out in 60 g batches of rice ﬂour with 300 mL of a-amylase solution
and 75 mL of amyloglucosidase solution. After the enzymatic hy-
drolysis the hydrolyzed material was dried in a sterilization oven at
100 C for 8 h to ﬁnal moisture content between 3.0 and 4.5 g
100 g1. The dried product was ground in a mill (IKA, A11, Diadema,
Brazil) and standardized in 32 mesh sieves.
2.3. Production of the mixes for preparation of the cereal creams
The effects of the ingredients of the ternary formulation on the
physical and functional properties of the dry mixes and the cereal
creams were investigated, varying the concentrations of the
modiﬁed rice ﬂour (59e75 g100 g1), instant milk powder
(20e40 g100 g1) and reﬁned sugar (5e15 g100 g1). A simplex
design was used according to Table 1. The mixtures were homog-
enized for 2 min in a planetary cake mixer (Arno, BPA, S~ao Paulo,
Brazil) and dried to ﬁnal moisture content between 3.0 and
4.5 g100 g1.
2.4. Preparation of the cereal creams
The cereal creams were prepared in the proportion of (0.08:1)
(g:mL) as deﬁned in preliminary tests. Thus 80 g of the experi-
mental modiﬁed rice ﬂour, milk powder and sugar mix plus 2 mL of
artiﬁcial vanilla aroma were added to 1 L whole milk. The sus-
pension was heated in a stainless steel pan with constant stirring,
maintaining the temperature at 90e93 C for 8 min, obtaining the
consistency of a cream. In parallel the commercial cereal with milk
mixes were prepared according to the manufacturer's labels
instructions.
2.5. Physical and functional properties of the dry mixes and the
cereal creams
The water absorption index (WAI), milk absorption index (MAI),
water solubility index (WSI) and milk solubility index (MSI) were
determined in the experimental mixes and in the three commercial
brands of cerealemilk mixes according to the methodology of
Anderson, Conway, Pfeifer, and Grifﬁn Junior (1969), as well as
instrumental color parameters (Colorquest colorimeter, Color
Quest, XE, Reston, USA) according to the CIELab system. The
observation angle was ﬁxed at 10 and the standard illuminant as
D65 corresponding to natural daylight. The results were expressed
in L*, a*, b*, C* and h* units, where L* (luminosity) varied from black
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b* from blue (60) to yellow (þ60), C* (chroma) and h* (hue angle),
and C * and h * calculated by the equations (1) and (2).
C* ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
a*2 þ b*2
p
(1)
h* ¼ tan1

b*
a*

(2)
The texture of the cereal creams prepared with the experi-
mental and commercial mixes was determined according to
method n 16-50 of AACC (2000), using a texturometer (Stable
Micro Systems, TA-XT2i,Goldaming, England) equipped with the
cylindrical acrylic P25L probe. The cereal creams were prepared as
mentioned above, cooled to 50 C and approximately 80 mL ali-
quots placed in plastic containers. The operating conditions used to
measure the compression force in the texturometer were: pre-test
speed of2.0 mms1, test speed of 1.0 mms1, post-test speed
of2.0 mms1and distance of 18 mm. The color and ﬁrmness ana-
lyses were reported as the arithmetic mean of six replicates,
whereas the values for absorption and solubility in water and milk
were the arithmetic means of three replicates.
2.6. Desirability test
The calculation to choose the best formulation for the cereal
cream, based on the independent variables used (modiﬁed rice
ﬂour, sugar and milk powder) was done using the ﬁtted mathe-
matical models obtained for the properties of the water and milk
solubility indexes and the color and texture (ﬁrmness) parameters,
with the aid of the “response desirability proﬁling” function of the
Statistic program (StatSoft, version 7, Tulsa, USA). The ideal
formulation was calculated considering the highest values for WSI,
MSI, ﬁrmness and luminosity as the most desirable ones.
2.7. Chemical analyses
The proximate composition of the experimental mixture
selected was determined according to AOAC (1997). The moisture
content was determined using method n 925.10, ash bymethod n
923.03, crude protein by method n 960.52 with a factor of 6.25 to
convert nitrogen into protein, and total lipids by method n
920.39C. The carbohydrates were determined by difference. The
total caloric value was estimated using the Atwater conversion
values. All the values were expressed on a moisture weight basis
and the analyses carried out in triplicate.
2.8. Microbiological analyses
The analyses for total Coliforms and Coliforms at 45 C, Salmo-
nella sp., Staphylococcus aureus and Bacillus cereus were carried outTable 2
Signiﬁcance levels for sugar (X1), whole milk powder (X2) and modiﬁed rice ﬂour (X3) obt
coefﬁcient of determination (R2) and lack of ﬁt (LF) for water solubility index (WSI), milk
Response Signiﬁcance levels (P) obtained in the analysis of variance of adjusted mod
X1 X2 X3 X1.X2 X2.X3
WSIa 0.000038 0.000001 0.000008 e e
MSIa 0.000316 0.000022 0.000029 0.028551 e
Firmnessb 0.001894 0.000049 0.000021 e e
L*a 0.000000 0.000000 0.000000 0.083052 e
a*a 0.001888 0.001519 0.000188 0.017679 0.01577
b*a 0.000001 0.000000 0.000000 e e
a Analyses carried out on the powdered pre-mixes of the infant food product.
b The analysis for ﬁrmness was carried out on the cereal cream after preparation.according to the techniques described in the Food and Drug
Administration (FDA, 2002). The results of the analyses were
compared with the standards suggested by Brazilian legislation
before carrying out the sensory analysis.
2.9. Sensory analysis
The sample selected by the desirability test, for solubility,
ﬁrmness of the cream and lightness, was submitted to a sensory
analysis for acceptability. Due to difﬁculty in approving sensory test
with infants, adults were selected. The test was approved by the
Committee of Ethics and Research of Universidade Federal de Goias
(number 020/2011), and carried out in a sensory analysis laboratory
with 60 non-trained judges, of both sexes (90% female and 10%
male), according to the interest in participating in the research. A 9
point hedonic scale (9 ¼ liked immensely, 5 ¼ neither liked nor
disliked and 1 ¼ disliked immensely) was used (Stone & Sidel,
1993). The product was considered accepted when scored higher
than 7. The experimental cereal cream selected was prepared as
reported above, considering all the rules of good practices in food
manufacturing, on the day of analysis, and stored in a safe condition
to maintain their sensory characteristics and hygienic sanitation.
50 mL portion was served at a temperature of 50e60 C in
disposable plastic dishes, in individual booth under white light.
2.10. Statistical analyses
The means of the data obtained in each of the seven experi-
ments for each response were treated by a polynomial analysis for
the development of mathematical models containing linear terms,
and for the interaction between the three components of the
formulation (independent variables), using the Statistic applicative
(StatSoft, version 7, Tulsa, USA). The analysis of variance (ANOVA)
was used to evaluate the linear effects and the interaction of each
component and also the lack of ﬁt of the models. The non-
signiﬁcant terms in the models were removed obtaining trian-
gular graphs for the level curves. Tukey's test was used for the
comparison of the most desirable product with the commercial
products at 5% probability. The means were calculated for the
sensory scores of the selected product.
3. Results and discussion
3.1. Effect of the concentration of the ingredients on the physical
and functional properties of the dry mixtures and the textural
properties of the cereal creams
The models obtained for the analyses of WAI and MAI were not
signiﬁcant (P ¼ 0.51 and P ¼ 0.57, respectively). The experimental
mixtures had values for WAI between 3.76 and 4.07 g gelg1of dry
matter, with a variation of 7.62%. The mixturewith the lowest valueained in the analysis of variance, multiple regression model, level of signiﬁcance (P),
solubility index (MSI), instrumental color parameters (L*, a*, b*) and ﬁrmness.
els Adjusted model P R2 LF
Y ¼ 54.06X1 þ 52.41X2 þ 33.44X3 0.001 0.98 0.37
Y ¼ 49.78X1 þ 49.03X2 þ 36.88X3þ25.81X1X2 0.002 0.99 0.42
Y ¼ 0.18X1 þ 0.19X2  0.24X3 0.065 0.75 0.38
Y ¼ 86.59X1 þ 89.34X2 þ 86.79X3 þ 3.30X1X2 0.003 0.99 0.46
2 Y ¼ 2.70X1 þ 1.73X2 þ2.94X3  2.35X1X2  1.90X2X3 0.003 0.99 0.67
Y ¼ 21.94X1 þ 20.49X2 þ 21.59X3 0.021 0.85 0.16
Fig. 1. (A) Water solubility index (WSI), (B) milk solubility index (MSI) and (C) ﬁrm-
ness, as a function of the proportions in pseudo-components of sugar, milk powder and
modiﬁed rice ﬂour. The area demarked by the experimental points is the area that can
be analyzed. The vertices of the demarked area are the maximum value of the pseudo-
component.
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and 75 g100 g1 of modiﬁed rice ﬂour, whereas the one with the
highest value contained 15 g100 g1 of sugar, 35 g100 g1 of milk
powder and 50 g100 g1 of modiﬁed rice ﬂour. Thus the greatest
absorption of water occurred with the mixtures containing the
least rice ﬂour and highest sugar contents.
The experimental mixtures had values for MAI between 3.8 and
4.48 g gelg1 of dry matter, with a variation of 15.18%. The mixture
with the lowest value for MAI contained 5 g100 g1 of sugar,
40 g100 g1 of milk powder and 55 g100 g1 of modiﬁed rice ﬂour,
whereas that showing the highest value contained 10 g100 g1 of
sugar, 40 g100 g1 of milk powder and 50 g100 g1 of modiﬁed rice
ﬂour. Higher values for WAI and MAI are desirable for infant foods
due to changes in food habits of the population, who now seek
ready to eat foods with instant or semi-instant preparation, which
are more practical (Wang, Fernandes, Ascheri, Costa, & Oliveira,
2002). In a study of mixtures and sweetening power in starch
gels, it was shown that the sugars could alter the water content of a
mixture, inﬂuencing the hydration of the ingredients and water
absorption by the starch granules (Bayarri, Duran, & Costell, 2003),
as also occurred in the present study, where the experimental
mixtures containing more sugar absorbed more of water and milk,
considering both the reﬁned sucrose and the lactose of the milk
powder in the formulations.
In the analysis of variance the ﬁtted polynomial models for WSI,
MSI, ﬁrmness, L*, a* and b* were signiﬁcant (P between 0.001 and
0.065), with no signiﬁcant lack of ﬁt (LF between 0.16 and 0.67) and
values of coefﬁcient of determination between 75 and 99%
(Table 2).
The higher the contents of milk powder and reﬁned sugar and
the lower the proportion of modiﬁed rice ﬂour, the greater the
value of WSI in the dry experimental mixtures. The area of the
graph demarcated by the points C (0.4; 0.5; 0.1), D (0.1; 0.1; 0.8), 2
(0.4; 0.6; 0) and 5 (0.2; 0.8; 0) in pseudocomponents, represents the
range of maximum water solubility (54 g100 g1) (Fig. 1A). In real
concentration these represent the values of (0.15; 0.32; 0.53) for
point C, (0.07; 0.40; 0.50) for point D, (0.15; 0.35; 0.50) for point 2,
and (0.10; 0.40; 0.50) for point 5. Thus the real proportions in the
mixtures with the highest solubility varied from 7 to 15 g100 g1 of
reﬁned sugar, from 32 to 40 g100 g1 of milk powder and from50 to
53 g100 g1 of modiﬁed rice ﬂour. Although pre-gelatinization of
the starch started during the drying procedure, the modiﬁed rice
ﬂour had much lower solubility than the reﬁned sugar and milk
powder, the latter having passed through an instantizing process. In
an instantizing process, the food ﬁrst passes through a physical
change followed by agglomeration (regrouping of ﬁnely divided
powders) presenting rapid water solubility (Fellows, 2008). The
results for MSI had a similar tendency to those ofWSI. The range for
maximum MSI (55%) was between 8 and 15 g100 g1 of sugar, 32
and 40 g100 g1 of powdered milk and 50e53 g100 g1 of enzy-
matically modiﬁed rice ﬂour (Fig. 1B).
Among the sensory acceptance characteristics, such as appear-
ance, ﬂavor and texture, the latter is an attribute of extreme
importance. Texture is the most important factor in the consumer
choice for biscuits, snacks, food pastas, bread, cake and other bak-
ery products (Martinez, Ribotta, Leon,& A~noin, 2007). Instrumental
texture can also be evaluated. Although the cereal creams were in
the semi-solid state, the measurement of ﬁrmness obtained from
the maximum force registered during penetration of a probe into
the cereal cream, it was preferable when compared to viscosity,
since the cereal creams formed some lumps and failed to present
repeatability when submitted to an analysis of viscosity using the
Brookﬁeld viscometer. The area of maximum ﬁrmness (0.23 N) was
found for the formulations with the following proportions:
5 g100 g1 sugar, 20e29 g100 g1 milk powder and from 66 to75 g100 g1 modiﬁed rice ﬂour (Fig. 1C). If there is adequate
availability of water, a greater amount of dispersed starch granules
results in greater swelling and greater contact between the parti-
cles, reﬂected in the need for a higher force to break the structure
formed during gelatinization (Damodaran et al., 2010). The sugar
Fig. 2. (A) Luminosity, (B) chroma a* and (C) chroma b*, as a function of the pro-
portions in pseudo-components of sugar, milk powder and modiﬁed rice ﬂour. The
area demarked by experimental points is the area that can be analyzed. The vertices of
the demarked area are the maximum value of the pseudo-component.
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gelatinization, reducing the paste viscosity and decreasing product
ﬁrmness. Firmness can be related to hydration of the starch gran-
ules during the cooking process (Brennan, Kuri, & Tudorica, 2004).
The modiﬁed rice ﬂour contains crystalline starch which inﬂuences
the ﬁrmness and viscosity of the cereal cream, due to the gelati-
nization process of the granules. Research has shown that the in-
crease in viscosity in the presence of milk is due to interactions
between the components of an ionic nature, it is believed that
casein and its hydrolyzates can interact with the amylose and
amylopectin branches by hydrogen bonding (Goel, Singhal, &
Kulkarin, 1999), a phenomenon not evident in the present study,
probably due to interactions with the sugar.
An increase in the concentration of milk powder in the experi-
mental mixtures caused an increase in luminosity and a decrease in
the a* and b*, the opposite occurring with an increase in the pro-
portion of modiﬁed rice ﬂour. An increase in the sugar content
resulted in a decrease in L* and increase in a* and b* (Fig. 2AeC).
The values for L* of the dry mixtures varied little (2.17%) and were
not visible to the human eye, appearing to be very lightly colored.
The values for a* were very close to positive neutrality (between 1.6
and 2.8), thus presenting no green tones and a slight tendency to
red, imperceptible to the human eye. On the other hand b* showed
a marked tendency to light yellow tones, with a variation between
the samples of 7.8%, being a desirable aspect. The values of chroma
ranged 6.5%, between 20.53 (experiment 5) and 21.86 (experiment
3), while the hue angle only 4.9%, between 1.43 (experiment 1) and
1. 50 (experiment 2). C* was positively correlated with a* and b*
(0.84 * and 0.99, respectively), whereas h* was negatively corre-
lated (0.99 and 0.77, respectively). The agreeable ﬂavor and
color of breakfast cereals originate in the Maillard and carameli-
zation reactions occurring during processing, and depend on both
the type of activity of the substrate and on the water content,
temperature and pH. The Maillard reaction occurs between a free
amino group on lysine and/or other amino groups and the carbonyl
group of reducing sugars, such as glucose and maltose (Damodaran
et al., 2010).
3.2. Desirability test
In order to optimize the infant cereal with milk type food under
discussion, the highest values for solubility in water and milk,
ﬁrmness and L* were considered more desirable, using the com-
mercial brands of cereals withmilk mixes as the standard. The ideal
experimental mixture according to the desirability generated by
the program had values for the pseudo-components of (0:0.8:0.2),
respectively for sugar, milk powder and enzymatically modiﬁed
rice ﬂour in the experimental design (Fig. 3), represented by point
four, which in real values was equivalent to the mixture containing
5 g100 g1 sugar, 40 g100 g1 milk powder and 55 g100 g1
modiﬁed rice ﬂour.
3.3. Comparison between the experimental and commercial
products
The experimental product selected (without gluten) was
compared with three commercial brands of cereal with milk mixes
with gluten (A, B and C) with respect to the physical, chemical and
functional properties (Table 3). The experimental product and that
of brand A did not differ with respect to luminosity and the chroma
coordinate b*, showing the highest values, and were therefore
lighter in color and yellower. With respect to the chroma coordi-
nate a*, the experimental product had a value similar to the other
products, with the exception of brand C, which showed a value 81%
higher. In general the commercial cereal with milk mixes and the
Fig. 3. Proﬁle for the calculated values for desirability based on the ﬁtted models for water solubility index, milk solubility index, ﬁrmness and luminosity (higher values are more
desirable).
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nosity and a yellowish color, with a small amount of red pigments,
since the chroma coordinate a* was close to zero, that is, to
neutrality.
Brand A had the highest solubility in water, 25.55% higher than
the selected experimental product. However, the commercial
brands had differences among the three (P  0.05), having no
standard for the commercialized products. With respect toWSI, the
product based on enzymatically modiﬁed rice ﬂour did not differ
(P > 0.05) from brand B, thus both had the same technological
standard. Brand A differed from the others in relation to the func-
tional properties of the dry product and texture of the cereal cream,
showing higher values for WAI, WSI, MSI and MAI and ﬁrmness.
The experimental product differed from the others and obtained
lower mean values for WAI, MSI and MAI and ﬁrmness. These dif-
ferences probably resulted from the ingredients used in the com-
mercial products, such as lecithin and malted wheat ﬂour, which
were not used in the experimental product, apart from the different
types and parameters of processing. The commercial products are
generally dried using drum dryers, whereas the experimental
product was dried in an oven at 100 C.
The ﬁrmness of a cereal cream is related to the amount of starch
in the formulation and to the ratio between the dry mix and
amount of milk used to prepare it. The label of the brand A product
recommended 30 g for 120 mL milk, that of brand B 16.33 g for
100 mL of milk and that of brand C 15 g for 100 mL of milk. How-
ever, for the selected experimental product, only 8 g was used to
make the cereal cream with 100 mL of milk, requiring less mass toobtain the creamy texture, which explains the lower value found
for ﬁrmness. If one opts for a ﬁrmer cereal cream when using the
selected experimental product, just increase the amount of mixture
used to make it.
The experimental product selected had higher total fat and
protein content than the commercial brands (Table 3). The higher
lipid content was probably due to the fact that this product con-
tained 40 g100 g1 instant whole milk powder in its formulation,
Brazilian legislation requires cereal with milk mixes to contain a
minimum of 20 g100 g1 of dry milk in their formulations. The
commercial cereal with milk mixes did not have a standard
formulation with variations in the amounts of the different in-
gredients, the cost of the components possibly being the cause of
this variation. For this reason the industries decrease the milk
powder content, since this is the most expensive component, and
increase the content of the starchy components, of lesser cost. Some
of the mixes in the market list sugar as the ﬁrst ingredient, being
the component used in higher quantity. Augusto-Ruiz et al. (2003)
worked with a similar cereal with milk product formulated with
pre-gelatinized broken rice grains, skimmed milk powder, sugar,
rice oil and a commercial gum, and obtained protein content 10.2%
higher and caloric value 8.7% lower than the experimental product
selected in this work.
3.4. Microbiological analyses and sensory evaluation
The data obtained in themicrobiological analyses of the selected
mixture indicated the absence of coliforms at 35 C, coliforms at
Table 3
Physical, technological and chemical properties of the three commercial brands of cereal with milk mixes and of the experimental mixture formulated with 55 g100 g1
modiﬁed rice ﬂour, 40 g100 g1 whole milk powder and 5 g100 g1 sugar.a
Propertyb Experimental mixture Brand A Brand B Brand C
L* 88.77a ± 0.05 88.81a ± 0.06 85.41c ± 0.35 86.91b ± 0.35
a* 1.68b ± 0.04 1.65b ± 0.02 1.63b ± 0.03 3.04a ± 0.12
b* 20.84a ± 0.11 20.85a ± 0.25 18.97b ± 0.18 19.05b ± 0.24
Water absorption indexc 4.03c ± 0.07 15.37a ± 1.19 8.27b ± 0.06 10.02b ± 0.77
Milk absorption indexc 3.84d ± 0.03 19.10a ± 0.17 11.59c ± 0.34 16.44b ± 0.28
Water solubility indexd 49.82c ± 0.73 62.55a ± 3.04 46.64d ± 0.21 56.66b ± 1.86
Milk solubility indexd 46.43d ± 0.08 78.67a ± 3.57 60.17c ± 1.19 68.88b ± 3.18
Firmnesse 0.19c ± 0.00 0.37a ± 0.02 0.30b ± 0.00 0.24c ± 0.00
Moisture 1.04 ± 0.19 e e e
Proteinf,h 3.73 ± 0.15 3.90 ± 0.11 3.80 ± 0.21 3.70 ± 0.10
Total lipidsf,h 2.78 ± 0.00 2.20 ± 0.02 1.90 ± 0.11 2.40 ± 0.08
Ashes 0.68 ± 0.01 e e e
Dietary ﬁberf,h 0.26 ± 0.10 0.00 ± 0.00 0.80 ± 0.21 0.60 ± 0.17
Carbohydratesf,h 21.75 ± 0.18 22.00 ± 0.09 22.00 ± 0.11 23.00 ± 0.12
Caloric valueg,h 126.00 ± 0.39 123.40 ± 0.24 117.10 ± 0.18 126.00 ± 0.09
a The analysis of ﬁrmness was carried out on the products in the form of a cereal cream and the other analyses on the pre-mix in the powder form.
b Means with different letters in the same line differed signiﬁcantly according to Tukey's (P  0.05).
c g gelg1of dry matter.
d g 100 g1.
e N.
f g 30 g1.
g Kcal 30 g1.
h Values of proximate composition and caloric value obtained from the product label.
S.M. Ferreira et al. / LWT - Food Science and Technology 59 (2014) 1033e1040 103945 C, coagulase positive Staphylococci and Salmonella sp. However
B. cereus gave a count of 1 102 CFU g1 of sample, which is below
the limit by current Brazilian legislation referring to the two food
categories mentioned earlier (“Starches and ﬂours” and “Infant
foods consumed with or without liquids for children over 1 year of
age”).
The sample of cereal cream elaborated with the selected
experimental mixture was evaluated by 60 judges, receiving a
mean score of 8.0, corresponding to a classiﬁcation “liked a lot”, and
hence above the acceptance index proposed for this work, whose
minimum value was established as 7.0 for acceptance of the
product. In the space for observations on the sensory analysis score
card, 28.33% of the panelists made comments, 20% stating that they
would prefer a sweeter cereal cream and 8.33% stating they found
the ﬂavor of the cereal creammild and not “too sweet” as compared
to the commercial cereal creams. Adults are the ones deciding on
purchase and due to the similarity of results in the sensory test with
the products in the market we think it was a valid result. In addi-
tion, the possibility of applying industrial by-products for human
consumption allied the interest of the society to those of the con-
sumers, in search of healthier gluten-free products destined for
children with special needs.
4. Conclusions
The experimental mixture for the preparation of a cereal cream
formulated with enzymatically modiﬁed rice ﬂour, instant milk
powder and reﬁned sugar allowed for the development of a product
similar to commercial infants' cereals mixes in the market. The
experimental mixture based on rice ﬂour modiﬁed by the enzymes
a-amylase and amyloglucosidase was well accepted in the sensory
evaluation, with the advantage of using a lower amount of product
to prepare the cream and not having gluten in the formulation.
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